The phase transition line near the Ising point region is studied for the 3D standard AshkinTeller model on a cubic lattice. This model with a multicomponent order parameter is one of the important reference points in statistical physics since it shows an interesting and complicated phase diagram. The main motivation for our study was nonuniversal behavior suggested for this line. The large-scale Monte Carlo simulations using the Binder and Challa like cumulants are performed. Accurate analysis to exclude the latent heat inherence is applied.
The phase transition line near the Ising point region is studied for the 3D standard AshkinTeller model on a cubic lattice. This model with a multicomponent order parameter is one of the important reference points in statistical physics since it shows an interesting and complicated phase diagram. The main motivation for our study was nonuniversal behavior suggested for this line. The large-scale Monte Carlo simulations using the Binder and Challa like cumulants are performed. Accurate analysis to exclude the latent heat inherence is applied.
Specic behavior of the Challa like cumulants is discovered and its interpretation is proposed. The paper is closed with preliminary conclusions concerning the continuous but non-Ising character of these phase transitions in the lower part of the mixed phase region and the possiblity of the rst order on the line connecting it to the Ising point. We can extend these independent Ising models to the AshkinTeller (AT) by coupling the two Ising models with a four-spin interaction of a constant magnitude J 4 , also only between couples of nearest-neighboring spins.
Thus, the Hamiltonian H of the AT model is of the form The aim of this paper is to perform a thorough analyses of the regions of the phase diagram where the nonuniversal behavior of the 3D standard AT model was signalized (see [3] and the papers cited therein). The boundaries * corresponding author; e-mail: gmusial@amu.edu.pl of the mixed phase region ⟨s⟩ (see Fig. 1 ) and the localization of the tricritical point H were investigated and the deviations from the Ising character of phase transitions on the line AHK ′ were reported by Musiaª and
Rogiers [3] , whereas the localization of the remaining tri-
It is worth noting that a weakly rst order phase transitions appear in the right vicinity of point A [6] . In this 
The Monte Carlo simulations
To predict the behavior of a system with a large number of degrees of freedom, we perform the MC simulations. Using the tools of statistical mechanics a computer experiment is performed to predict the equilibrium behavior of a system for which the behavior is deter- 
where ⟨α n ⟩ L denotes the n-th power of the α spins order parameter, with α = s, σ or sσ, averaged over an assembly of independent samples of the size L × L × L, as described in the previous paragraph. This is very convenient method of localization of points in the phase diagram, as it works well for both, the rst order and the continuous phase transitions.
To calculate the value of the latent heat, necessary to distinguish between the rst order and the continuous phase transitions, together with the above mentioned Binder cumulants we have calculated three Challa-like cumulants [5] for particular value of K 4 coupling
where ⟨E n α ⟩ L denotes the n-th moment of the internal energy E of α-spins (α = s, σ or sσ) averaged over an assembly of independent samples of the size L × L × L, 
Results and conclusions
We have localized the phase-transition points at particular values of the coupling K 4 from the common intersection point of the curves Q L (K 2 ), given by Eq. (2), independently for order parameters ⟨s⟩, ⟨σ⟩ and ⟨sσ⟩ (for details see e.g. [5, 8] ). We are able to achieve the accuracy of at least four decimal digits for both the rst order and the continuous phase transitions. The points for which the analyses are reported in this paper are marked with × in Fig. 1 . It is worth noting that the scatter of the results, as it is well known (see [5, 7, 8] and the papers cited therein), is of at least one order of magnitude greater for the rst-order phase transitions when compared to the continuous ones. On Non-Ising Phase Transitions . . .
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The largest eort of our large-scale MC simulations concerned the analyses of Challa-like cumulants described in detail in our previous works [5, 9] These values can be compared to the value 0.664, very close to 2/3, for K 4 = 0.04 where arbitrary weak rst order phase transitions can be observed [6] We conclude that the phase transitions along the line AH in Fig. 1 could be of the rst order, but still some questions remain. We observe no evidence of latent heat along the line HK ′ . Thus, we can conrm our conclusions from the paper [3] for the phase transitions along the line HK ′ .
